INTRODUCTION
Semen collected by an artificial vagina or by massage usually contains bacteria (Gunsalus, Salisbury & Willett, 1941;  Almquist, Glantz & Thorpe, 1948;  Almquist, Prince & Reid, 1949) . In bull semen at least, some of these bacteria have been shown to decrease the survival of the spermatozoa on storage (Edmondson, Tallman & Herman, 1948) and to spread genital infections (Bendixen & Blom, 1947) .
Seminal plasma and semen diluents are excellent media for bacteria which proliferate rapidly, particularly if the semen is not stored at low temperatures (Hammond, 1930; Smith, 1949; Foote & Bratton, 1950) . Antibacterials have, therefore, been used extensively to control bacterial growth in bull semen {see Emmens & Blackshaw, 1956 ) and White (1954) has investigated the toxicity of a number for bull, ram, rabbit and human spermatozoa. The most striking feature of these studies was the resistance of mammalian spermatozoa to bacteriostatic concentrations of antibacterials. Very high concentrations, however, of all but penicillin proved toxic to the spermatozoa of one or more species.
Although the artificial insemination of dogs has recently attracted some interest (Harrop, 1956 a, b) , there are apparently no studies of the toxicity of antibacterials to dog spermatozoa in the literature. The work reported in this paper was, therefore, undertaken.
MATERIALS AND METHODS

TECHNIQUES
Dog semen was collected by massage and the sperm-bearing fraction of normal ejaculates used.
Semen was usually diluted 1 in 20 for motility observations and 1 in 3 for metabolic studies. The tubes for motility observations were kept at 37°C and scored at hourly intervals for 4 hr by the system of Emmens (1947) . Full motility was rated as 4 and complete immotility as zero. As quarter grades were frequently used, the actual scores have been multiplied by 4, and the total score over the experimental period, the motility index, has been used as unit observation in the analyses of variance.
Metabolic studies were undertaken at 37°C. Oxygen uptake was measured over 3 hr by the direct Warburg technique (Umbreit, Burris & Stauffer, 1949 ).
The shaking rate was 114 strokes/min and the gas phase was air. For anaerobic experiments, 10 ml of diluted spermatozoal suspension was pipetted into a narrow tube, covered with 2 cm of oxygen-free paraffin and stoppered. Fructose (Mann, 1948; White, 1959) and lactic acid (Barker & Summerson, 1941) were estimated at the start and end of experiments under both aerobic and an¬ aerobic conditions.
After the metabolic experiments, total counts of spermatozoa were made in duplicate with a haemocytometer. Oxygen uptake, fructose utilization and lactic acid production (per 108 cells) over the experimental period was then calculated and used as unit observation in the analyses of variance.
In some experiments, total counts of bacteria were made by a technique similar to that used for spermatozoa. The specimens were diluted with 3 % sodium chloride solution in a haemocytometer and examined with darkground illumination.
DILUENTS AND ANTIBACTERIALS
The diluent of pH 7 used in the motility experiments consisted of: 0-0136 M-Na2HP0412H20, 0-0064 M-NaH2P042H20, 0-0050 m-KCI, 0-0015 M-MgCl26H20, 0-0641 M-NaCl, 0-1111 M-glucose. The diluent for metabolic studies was calcium-free Krebs' Ringer phosphate solution (Umbreit, Burris & Stauffer, 1949) and had the following composition : 0-0100 M-Na2HP0412H20, 0-0050 m-KCI, 0-0010 m-KH2P04, 0-0010 M-MgS047H20, 0-1320 M-NaCl, (Table 3) . For this experiment, con¬ centrated solutions of penicillin (50 ng/ml) in isotonic saline solution were adjusted with 0-2 N-NaOH and 0-2 n-HCI to give a pH of 2-0, 6-6 and 11-0. Table 2 motility of dog spermatozoa in diluents con¬ taining antibacterials stored for 1 7 days prior to the start of the experiment Antibacterial Control Penicillin (5000 µg/ml) Streptomycin (5000 pg/ml) Sulphanilamide (5000 Mg/ml) Sulphamezathine (5000 µg/ml) Chloromycetin (1000 pg/ml) Aureomycin (20 ug/ml) Terramycin (200 ug/ml) Tetracyn After storing at 37°C for 6 days, each solution was adjusted to pH 6-6 and diluent added to make a final penicillin concentration of 5000 pg/ml. The motility of dog spermatozoa over 6 hr in these solutions was compared with that in {a) fresh solutions and {b) solutions refrigerated at 5°C for 6 days. The results for five ejaculates are shown in Table 3 . Over the shorter 6-day storage period of this experiment, there was no increase in the toxicity of penicillin solution at 5°C. However, at 37°C , penicillin in solutions of pH 6-6 or 11-0 became toxic.
EFFECT OF ANTIBACTERIALS ON CHILLED SPERMATOZOA Table 4 shows the effect of non-toxic concentrations of antibacterials on the longevity of dog spermatozoa kept at 5°C ; the temperature at which semen Table 4 effect of antibacterials on the motility of dog spermatozoa stored at 5°c for 3 days Antibacterial Control Penicillin (5000 ug/ml) Streptomycin (5000 tig/ml) Sulphanilamide (5000 Mg/ml) Sulphamezathine (5000 Mg/ml) Chloromycetin (1000 yg/ml) Aureomycin (20 µg/ml) Terramycin (200 Mg/ml) Tetracyn (200 µg/ml) Fresh solutions 30 6-2 13-0** 11-7** 32-0** 5-0 14-0** 17-2** 24-2** Stored at 5°C fig. 1 ). In general, the stored solutions were as effective as those freshly prepared. Total bacterial counts for semen suspensions refrigerated for 3 days at 5°C are shown in Table 5 . Chloromycetin (1000 Mg/ml) and tetracyn (200 ug/ml) and to a less extent sulphamezathine (5000 µg/ml) were effective in controlling bacterial growth; penicillin (5000 pg/ml) did not significantly affect the bacterial count.
EFFECT OF ANTAGONISTS
There is evidence that the antibacterial action of chloromycetin and aureo¬ mycin may be antagonized by phenylalanine and biotin, respectively (Woods, 1940; Woolley, 1950; Osteux & Laturaze, 1952) . Preliminary experiments to check the effect of biotin and phenylalanine on dog spermatozoa showed that 2000 µg of biotin/ml depressed motility and as little as 200 vg of phenylalanine/ml was toxic. Although the spermicidal properties of aureomycin were not influenced by innocuous concentrations of biotin, non-toxic concentrations of aureomycin did antagonize the spermicidal effect of high concentrations of biotin (Table 6 ). The toxicity of a combination of chloromycetin and phenyl¬ alanine was less than might be expected from the sum of their separate effects and was almost equal to that of chloromycetin alone (Table 6 ). Table 7 effect of prostatic fluid on the toxicity of antibiotics to dog spermatozoa. Mean values for six replications are given and asterisks are used to denote significant differences from the control.
EFFECT OF PROSTATIC FLUID Prostatic fluid (10 or 50 %) significantly decreased the toxicity of terramycin and tetracyn (500 ug/ml) but had no effect on chloromycetin (2500 µg/ml) or aureomycin (500 µg/ml) ( Table 7) .
METABOLIC STUDIES At the end of each experiment, the motility of spermatozoa in the Warburg flasks and anaerobic tubes was checked. Motility was more depressed under aerobic than under anaerobic conditions. Motility was almost completely inhibited by chloromycetin; aureomycin had less effect.
DISCUSSION
In general, the reaction of dog spermatozoa to antibacterials is similar to that of the other mammalian species studied (White, 1954 (White, 1954) .
